Abstract
Introduction

38
Litopenaeus vannamei, is one of the most valuable crustacean aquaculture species worldwide 39 because of its high nutrition value and tolerance to extensive salinity [1] . However, 
50
The mechanisms of probiotic functionality LAB are not completely understood, but it is believed 51 that the maximum probiotic effects can be achieved if the organisms adhere to mucus and/or intestinal 52 epithelial cells [9] . It has recently suggested that surface proteins of lactobacilli bacteria participate in 53 adhesion to epithelial cell lines, gastrointestinal mucins, or extracellular matrix proteins [10] [11] [12] . 54 Indeed, except mediating binding ability, surface proteins are also involved in maintaining the shape 55 of the bacteria, molecular sieve function, immunomodulation to the host, and providing extracellular 56 enzyme binding sites [13] [14] [15] . Due to these proteins bind to the outermost layer of the bacteria with 57 non-covalent bonds, make it possible that using denaturants lithium chloride (LiCl), guanidine 58 hydrochloride (GuHCl), urea or metal chelating agents etc depolymerize them to monomer [16] [17] [18] .
59
In previous work, we isolated a Lactobacillus pentosus HC-2 strain which has high antimicrobial 60 activity against Vibrio pathogens and adhesive ability to intestinal mucosa, and regulated intestinal 61 flora, and enhanced the growth performance, immune responses, and disease resistance after the L. 
Materials and methods
67
Bacterial growth and surface proteins shaving 
72
Cell surface proteins shaving performed as previously [22] . Briefly, 500-mL culture of bacteria 73 on the transition between late exponential and stationary phase (OD600 ≈1.7) were harvested 74 centrifugation (3,000 × g, 10 min, 4 o C). Then, the cell pellets were washed three times with 1
75
M phosphate-buffered saline (PBS) containing 25% sucrose. After centrifugation, the bacteria cells were incubating the cells in 25ml of 5 M LiCl to stripe the surface associated proteins. After treatments, 77 cells were collected and washed three times with autoclave sterilized seawater.
78
Feeding trials
79
The experimental diets were prepared as previously that bacteria were resuspended in sterilized 80 seawater and sprayed on basal commercial feed (containing crude protein 42%, crude fat 7%, ash 15%, 81 and water 11%) at 5 × 10 8 colony-forming units (CFU) g/feed [22] . A total of 600 shrimps (3.5 ± 0.06 82 g) were grown in twelve aquaria (60 L), each containing 50 shrimp. The experiments were designed 83 as follows: C group, shrimp fed a basal commercial diet alone as the control; R group, shrimp fed a 84 basal commercial diet + normal HC-2; L group, shrimp fed a basal commercial diet + LiCl treated HC-85 2. Three replicates were set in each feeding group. Keeping the fresh seawater (salinity, 30‰) at 30 ± 86 2 o C with continuous aeration and a 50% water change every day. Animals were fed three times per 87 day, and the daily feeding rate was 10% of the body weight.
88
Challenge test
89
After the feeding experiment, 25 shrimp were random selected from each aquarium and transferred 90 to a tank with 30 L of seawater for challenge test. The live Vibrio parahaemolyticus E1 ATCC 17802
91
Strains was used for challenge, which was cultured aerobically in 2216E broth (Qingdao Hope Biol-
92
Technology Co., Ltd) at 28 °C for 18 h. Preliminary experiment showed the appropriate bacteria dose 93 was 10 7 CFU/mL. During the challenge experiment, the shrimp were fed with basical diet.
94
Histology of the Midgut
95
The histology determine was carried out as described in [20] . Five shrimps were 96 freely selected from each treatment group upon termination of the feeding and challenge experiments 97 and sampled the midguts to dissect and fix (60% absolute ethanol, 30% trichloromethane, 10% acetic two ratio counts was set to compare and normalize protein intensities across runs [25] . The absolute 147 abundance of different proteins were then calculated using the intensity-based absolute quantification 148 (iBAQ) algorithm, and iBAQ data were used for the t-test [26] . sequences were designed by Primer 5 (S1 Table) . The reactions were carried out using Bio-Rad IQ™5 replicates and three technical replicates were done for all PCR experiments, and significance was 177 determined at the P < 0.05.
178
Results and discussion
179
Histology of the Midgut
180
To investigate the effects of dietary Licl-treated probiotics on the midgut of the shrimp, a 181 histological study was performed at the end of the feeding experiment and challenge assay as shown 182 in Fig 1. Compared with the control group, the mucosae of R group improved more dense and more 183 bloom (Fig 1B) , but the mucosae of L group shrimps displayed to thin and loose (Fig 1C) . After the 184 shrimps were challenged by the V. parahaemolyticus E1, the mucosae shed and piled in the intestinal 185 lumen, and the lamina propria exposed and appeared loose in the control and L groups ( Figs 1D and   186 1F), especially, some individuals showed some reduced folding of the digestive epithelium in the 187 crease. However, the shrimps fed with normal HC-2 appeared to no signs of necrotic enterocytes or 188 cell damage (Fig 1E) . 
197
Samples of C, R and L group were clustered independently (Fig 3) . To comprehensively analyze the 198 impact of HC-2 and LiCl-treated HC-2 had on protein expression changes, the differentially abundant 199 proteins were subjected to cluster analysis under different experimental conditions (Fig 4) . Heat map LiCl-treated HC-2 treatments fed in the diet (Fig 6) . The DEGs between R group and the control group Table 2 ).
264
Analysis of selected proteins affected by HC-2 and LiCl-treated HC-2 treatments
265
To validate the label-free based proteomic results, quantitative real-time PCR was used to analyze 266 the transcripts of proteins found to be differentially abundant after HC-2 and LiCl-treated HC-2 267 treatments (Fig 7) . The qPCR results showed that three proteins (Int, Pro and Htr) expressed higher 268 than determined in R group proteome, the other proteins were consistent with the proteomics data, 269 which further confirmed the reliability of label-free sequence. 
